Bone Morphogenetic Protein-2 Hybridized with Nano-Anchored Oligonucleotides on Titanium Implants Enhances Osteogenic Differentiation In Vivo.
Previous in vitro studies have shown that DNA oligonucleotides (ODN) can be successfully used as anchor strands for the binding and retarded release of biologically active recombinant human bone morphogenetic protein 2 (rhBMP-2). The aim of the present study was to test the hypothesis that rhBMP-2 bound to the surface of titanium implants through hybridization with nano-anchored ODN strands is biologically active and can enhance the induction of osteogenic markers in peri-implant bone in vivo. Custom-made, surface acid-etched (SAE) titanium discs and implants were coated with ODN anchor strands and subsequently hybridized with complementary ODN strands conjugated to rhBMP-2 (AS_CS_BMP-2). Discs/implants with SAE surface, ODN-coated surface (AS), and ODN-coated surface with nonconjugated rhBMP-2 (AS_BMP-2) served as controls. Release of rhBMP-2 from the coated discs was evaluated in vitro using enzyme-linked immunosorbent assay (ELISA), and bone-specific activity was assessed through pNPP turnover by induced alkaline phosphatase (AP) up to a period of 56 days. In vivo expression of bone-specific markers was analyzed after bilateral placement of coated implants into the tibiae of 36 Wistar rats (72 tibiae total). Immunostaining for AP and runt-related transcription factor 2 (Runx2) was carried out after 1, 4, and 13 weeks. Release from the AS_CS_ BMP-2-coated titanium surfaces was significantly retarded compared to surfaces loaded with AS_BMP-2. The in vitro biologic activity of the released rhBMP-2 conjugates measured by AP induction was equivalent to released nonconjugated rhBMP-2. Immunostaining revealed a significant increase in the in vivo induction of AP around AS_CS_BMP-2 implants compared to the controls after 1 and 4 weeks. Titanium AS_CS_BMP-2 implants can significantly enhance osteogenic differentiation in vivo in peri-implant bone in early periods of osseointegration.